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Abstract 
In this work, we present the design, fabrication and characterization of a silicon-based device dedicated for activation of 
biological solution under dynamic and static flow regimes by fluid mixing using acoustic low-frequency vibrations. The acoustic 
vibrations are generated by a bulk piezoelectric lead-zirconate-titanate (PZT). In the dynamic flow regime, biological compounds 
(as antibodies) were used in order to build immunochips taking advantages from the remarkable properties of such acoustic 
device to optimize the efficiency of Abs grafting onto chemically functionalized chip. The evaluation of the performance of the 
system to mix and activate fluids is presented. The experiments show the mixing capacity of the device in static and dynamic 
flow regimes using colored water and a biological model respectively.   
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1. Introduction 
The detection of biomarkers in biological samples is limited by the diffusion of these macromolecules (or 
analytes) from the bulk to the bio-functionalized layer of the chip (surface of ligands). In other terms, the collision 
frequency between free analytes and linked ligands is a reaction which is diffusion controlled. Disrupting the orders 
of such biomolecular reactions and performing simultaneous detection remains a major challenge in the field of in 
vitro diagnosis [1, 2]. In the field of biotechnology, acoustic activation is particularly appreciated for improvement 
biomolecular interactions and immunochip building [6, 7].       
Different techniques have been used to enhance mixing efficiency in fluidic system [3]. Among these techniques 
include the use of acoustic energy especially ultrasound vibration in order to bring fluid in movement resulting in a 
more efficient and faster mixing process [4, 5].  
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In this context we have designed and realized an original acoustic micromixer for mixing and homogenizing 
biological media, so as to increase the detection sensitivity of biosensors. The functioning of our device is based on 
the use of acoustic low frequencies vibrations to generate controlled turbulences in biological fluids, which allow 
increased bioreconnaissance interactions between analytes and ligands present onto the surface of a biochip.  
2. Presentation of the system 
2.1. Working principle 
A scheme of the whole system is shown in Fig. 1(a). The device is composed of a silicon membrane of 
9 mm x 8 mm dimension surface and 0.05 mm in thick actuated by a piezoelectric ceramic (PZT) of 0.15 mm in 
thick adhered on its back side. The top side includes a fluidic cell of 50 μm etched around the membrane and 
connected with two holes of 0.5 mm in diameter with fluidic connectors thereby  allowing entry and exit of fluids to 
the fluidic cell . For connecting the device to a power source and for better miniaturization electric electrodes and 
connectors was integrated on the bottom side of the substrate. 
2.2. Fabrication process 
The fabrication was performed in clean room using standard machining process using an oxidized silicon (100) 
wafer. Afterwards, the different parts were assembled. The PZT was glued to the membrane back side using a non 
conductive glue (Loctite 480),  then connected to the excitation electrodes by wire bonding technique using a gold 
wire of 50 μm in diameter, in order to connect electrodes with electric connector a conductive glue (loctite 3880) 
was used. Finally the fluidic connectors were stuck against the fluidic holes; see Fig 1(b).    
 
  
Fig. 1. (a) Scheme of the system, (b) Realized device  
3. Fluidic and biological experiments and discussion  
3.1. Validation of acoustic mixing   
For testing the electric and fluidic performances of the system an experimental electrical setup was established. 
The setup is composed of a signal generator, an amplifier allow a maximum voltage of 200 V, an oscilloscope for 
control the vibration state of the membrane and measure voltages really applied and a CCD camera for imaging the 
mixing process.  
To evaluate mixing efficiency a solution of colored water of about 50 μl was deposited manually on the top side 
of the membrane.  The actuation of the PZT was performed in the range between 5 and 30 kHz sine wave at 
different voltages values. The obtained results show different modes of mixing which reproduce the vibration modes 
of the membrane. The mixing was particularly observed at the eigenmode of the membrane as shown in Fig. 2. The 
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results show that the fundamental mode is observed at about 9 kHz, the mode   (2, 1) at about 21 kHz and the (2, 2) 
mode at about 28 kHz, see Fig. 2 (a), (b) and (c) respectively.       
 
 
Fig. 2. View of different activation modes. (a) Fundamental mode, (b) (2, 1) mode, (c) (2, 2) mode.   
3.2. Biological validation  
Foremost, the ability of the system to work in enclosed fluidic media was proven. For this purpose, we have 
fabricated a prototype based on (i) a mechanical holder which allows the positioning of the silicon device, (ii) a 
PDMS homemade gasket adapted to the cell dimension and (iii) an aluminum cover to insure homogeneous pressure 
on the chip which allow a perfect sealing of the system, see Fig. 3 (3).      
The prototype is then connected, by Teflon capillaries having an internal diameter of 0.5 mm, with a system 
consisting of a syringe pump and an injection loop of biological samples. In order to test the fluidic circuit (cell and 
capillaries) fluids at different flow rates were injected, the experiments showed that injection of 10 seconds at a flow 
of 3 mL/min permit to fill the fluidic circuit without trapping air bubbles.  
  
 
Fig. 3. Experimental setup for biological experiments. (1)  syringe pump; (2) injection loop; (3) acoustic prototype 
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    Afterwards, we validate our approach with a biological model consist on the grafting of the monoclonal 
antibody A9H12 oriented against the antigen D-LAG3, a candidate-marker of breast cancer, at two low 
concentrations (5 and 1 μg/mL) on functionalized homemade SRPi (Surface Plasmon Resonance Imaging) chip [8]. 
In order to estimate the activation effect two chips were used for each concentration in passive and active states 
respectively.  For these experiments an acoustic device with a membrane of 100 μm in thick was used which allow 
more hardness to the fluidic cell. Otherwise, to avoid acoustic noise the experiments were done at a frequency of 
24.4 kHz which correspond to the (2, 1) membrane vibration mode. The assessment of the density of immobilized 
antibodies was evaluated in SPRI-PLEX II apparatus (From Horiba Jobin Yvon) by measuring the density of 
captured antigen. The analysis of results show that in the active mode the rate of biorecognition is increased by a 
mean ratio of 1.5 to 3 depending on the initial concentration, see Fig. 5.  The results confirm that low frequency 
vibrations can be used to increase the antibody grafting efficiency which allows the possibility to enhance the 
immunocapture.  
 
 
Fig. 6. Average quantity of captured antigen  
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